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INTRODUCTION

Phraamites agustralis (common reed) is a large, coarse
perennial grass 1.5 - 4 m in height. While primarily found
in brackish and freshwater wetlands where it grows at and
above mean high water, the plant is also common in moist
uplands and the dune systems of Atlantlc coast barrler
lslands (Brown and Brown, 1984; Fernald, 1970; Gleason and
Cronquist, 1963). Phraamites seeds profusely and spreads
vegetatively by a vigorous system of rhizomes and stolons.
Once established, the plant forms dense stands and may
invade adjacent areas crowding out more desirable wetlands
species and reducing the overall species diversity of the
affected system (Gallnato and van ger Valk, 1986;
Szczepanska and Szczepanski, 1982; Weisser and Ward, 1982;
Woodhouse and Knutson, 1982; Welsser and Pabsons, 19815,
Since It 13 a native plant, lts status as a "pest" is
probably related to lts ablility to survive changes lnduced

by human activity impinging negatively on wetlands.

The large size, hlgh reproductlve potentlal and rapid growth
rate of Phraamites are the underlying bases for the
differences of opinions held by biologists and resource
managers with respect to the plant’s ecological value and
potentlal usefulness for environmental enhancement (Anderson
and Ohmart, 1985; Eleuterius and Gill, 1983; Kruczynskl,
1983; Bibby, 1982). Phraamites Eeduces natural plant
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divers!ty and ls not consldered to be an lmportant wlldllfe
food or cover plant. However, It can be an Important soil
stablllzer and may have appllcatlon as a nutrcient slnk for
treating wastewater prlor to release (Brix, 1987; Gersberg
et al., 1986; Kamlio, 1985; Bonham, 1983). These potential
uses have led to several efforts for developlng propagation

and field establlishment protocols (Stout, 1977; Eleuterius,

- 1974)>. Unfortunately, because Phragmites produces an

abundance of proéagules which can pe dispersed by wind,
water, animal vectors and machinery, programs for control
and use are largely incompatible (Smith and Kadlec, 1983;
Best et al., 1981; Izatt, 1979; Linedale, 1978; Kasasian,
1977; Nlr, 1976> . This Incompatiblllty has led to three
divergent policies of Phragmites management - eradication,

control and tolerance.

To better evaluate the extent of Phraamites growth In
Maryland, aerial reconnaissance of areas ldentlified by
members of the Department of Natural Resources as "problem"
sSites was conducted in the summer of 1987. A number of
observations were made relevant to the establishment of a
statewide Phraagmites managehent policy. Most noteworthy

were:

1. Practices which cause soil disturbance promote Phraamiles

colonization.

2. Phraamltes In undisturbed areas often appear as clircular

colonies suggesting a single-parent origin.



3. Marvyland, with the possible exceptlon of Cecll County and
Kent Island, generally lacks extenslive acreage of Phraamltes
common In other coastal states. Dense monotyplc stands are
more commonly found In isolated pockets or along stream
borders. This distribution often poses problems for

Ilmplement ing preferred methods of control.

4. Management schemes which do not adhere to recommended
control practices and do not include subsequent management
for replacement species recruitment are generally

ineffective.

S. Phraamites provides some positive beneflits through soil

stabilizatlon, nutrient removal and water fliltration.

Based upon these observations, two studlies were Initlated by
Anne Arundel Community College through support from the
Maryland Department of Natural Resources, Tidewater
Administration, Coastal Resources Division. The objectives

of the first study were to:

1. Measure the effectlveness of recommended ccontrol measures
and their ecological impacts under conditions typical to

Maryland.

2. Determine ecologlical uses of monotypic Phraamites stands.

3. Identlfy the factors influenclng the recruitment In

treated areas by specles other than Phraamites.



4, Develop a predistive indicator for rates of vegetative

recruitment following herbiclde applications.

5. Provide recommendations for site evaluatlon in the
establ ishment of Ennggmlﬁgs control programs ln molst

uplands and non-tidal wetlands.

The second study, to be conducted in 1989, is an extension

of the first. The specific objectives of this study are to:

1. Measure the expanslion rates of lIsolated Phraamites
colonies In a tidal wetland. (Greens Island Wildlijfe

Management Areal.

2. Measure the decline in species diversity in and around

these colonles.

3. Test the effectiveness for controlling these populations
by the use of Rodeo in hand-held direct contact herbicide

applicators.

Thls combination will provide the information necessary to
finalize the Phragmites Management Policy for the State of

Maryland.

SITE SELECTION

All state propertlies designated for herbicide contral of
Phraamites in the fall of 1987 were evaluated as potential

study sites. Flnal selection was restricted by an inabillty

to secure EPA approval for applying Rodeo in tidal wetlands .



at the Greens Island Wildllfe Management area, the presence
of reglonally threatened specles at the Grove Neck Wlidlife
Sanctuary and prior history of attempted control at the
Courthouse Point, a state-managed Army Corps of Engineers

dredge spoil property.

Three study sites were established at the Army Corps of
Engineers, Stemmers Run Wildlife Management Area in Cecil
County, Maryiand (Flg. 1. Two were modifled non-tidal
wetlands and the third was a disturbed upland area. The
non-tidal sites were natural non-tidal wetlands prior to the
development of the property as a dredge spoil repository in
the 1960“s. These two closely spaced, similar sites are
located outside of the dralinage ditch which surrounds the
spoll Impouncdment. One wetland, ldentified as the "V' site,
was designated for burning following herblcide application.
The second, ldentified as the "W" site, was designated to
serve as an unburned control. The upland site, established
directly on the containment berm, was divided in half to
evaluate the effects of burnling. All sites were dominated
by stands of Phragmites and received identical herbicide

treatments.

Three site monitoring periods were scheduled for the first
year. Pre-treatment inventories of plants and sediment
collections for analysis of soil macroinvertebrates and seed
stocks were made 10-87. Additlonal sampling was conducted 8

(6-88) and 12 (10-88) months post-treatment wlth one



exceptlon. In the spring of 1988, the Army Corps of
Engineers began an extensive project to reinforce the spoils
containment berm. This work, which was necessary to malntaln
the Integrity of the berm for additional spoll treatment,
destroyed the upland study site. As a result only data

collected pre-treatment s Included in this study.

TREATMENT PROTOCOL

Herbliclide Application

Rodeo (Monsanto Co.,, St. Louls, MO., active ingredient:
Isopropylamine salt cof glyphosate, N-(phosphonomethyl)

glycine) |s the herbiclde of cholce for controlling

Phraagmjtes in aquatic ecosystems (Nir, 1976; Nir and Raz,
1985; Bucsbalm et al., 1985; Sedon, 1981; Riemer, 1976;

Hodkinson, 1974). This product, a water soluble liquid,
mixes readily with water and nonionic surfactant <(07Sullivan
et al., 1981). It is applied as a foliage spray for the
control of most herbaceous plants. Rodeo is translocated
through fhe plant from the point of foliage contact to and
into the root and rhizome system. The mode of action of the
compound is primarily through the interference with plant

hormone functlion (Fedtke, 1982; Moreland et al., 1981).

For the control of Phragmjtes the recommended application
rates of 4 pints per acre for a broadcast spray Cor a 1 1/2
percent sclutions for hand held gspray equipment) were used.

For aerial application, the broadcast rate wlith surfactant



was adJusted with plus 3 - 20 gallons of water as a carrler
(Monsanto Product Label, 1988; Evans, 1987; Sandberg et al.,

1978; Rlemer, 1973).

A fall application was made because of the abundance of
foliage for absorption and because some selectivity may be
achleved if Rodeo is applied at a time when deciduous
perennlals are enterlng dormancy (Prasad, 1984; Buhler and

Burnside, 1983).

Rodeo was applied to all sites on October 15, 1987 from a
Bell 47 Soloy hellcopter. This craft had a boom wldth of 32
feet with an effectlve spray swath aof 40 feet. .The sprayer
was turbine powered. A volume trigger timer in the cockpit
with clock calibration was used to regulate spray rates and
to continuously monitor flow. To avold drift, application
was restricted to perlods where wind speeds were less than 5
mph. A similar system was used during the second

application on October 15, 1988.

Thls system proved very effective. Uniformity of contact,
as determined by visual inspection was excellent averaging
5-7 droplets per exposed leaf surface. Drift to areas

outside of the designated spray areas was undetectable.
Burning

The upland and one of the non-tidal wetland sites were
burned In February 1988. The necessary permits were

obtained and the burn conducted by Maryland Forest and Parks



personnel. Burnling was effectlve In most areas, reducling
standing crop to 1/16 to 1/8 inch of fine ash. Burning was

not successful In areas adjacent to standing water.

EXPERIMENTAL OBJECTIVES

1. Survey pre- and post-treatment use of Phraamltes by

mammals and terrestrial invertebrates.

2. Monltor pre- and post-treatment changes in the density of

plants and macroinvertebrate terrestrial invertebrates.

3. Determine the availablility of seed stock In site

sedlments.

4. Evaluate changes in the physical environment associated

with the treatment program.

METHODS

Pre-treatment use of the study sites by mammals and
terrestrlal lnvertebrates was determlined by slghtlings,

tracks, nests and scats.

Quadrats, 3.16 m long by 0.32 m wide, arranged in belt
transects, were set up to monlitor changes in the density of
plants and macroinvertebrate terrestrial infauna. Transect
locations were selected arcund the periphery of the
Phragmites stands to evaluate differences in sunlight
exposure, and border and canopy effects within and among the

three study sites (Fig 2.). Transects began 1 m outside of



dense Phragmites in order to sample adjacent vegetation. At
each locatlion transects extended Into the stand until §
consecutlve belt transects Included only Phragmlites In the

pre-treatment survey. The total number of quadrats for all

sites was 147.

These transect locations were also used for collecting soil
samples used to inventory macroinvertebrate terrestrial
Infauna and seed stock. Core samples, each a total volume of
100 ¢m3, were collected approximately 6 inches outside the
midpoint of each transect. Samples were returned to the lab,
and those intended for the inventory of sediment seed stock
were stored in refrigerated chambers at 4 C for 100 days.
Thls was done to overcome stratiflicatlon requirements common
to natlve plants in temperate environments. Those used for
invertebrate analysis were placed in Berlase funnels and
extracted for 4 days. Invertebrates were stored in 70%

ethanol prior to counting.

The cold treated soil samples used to Inventory seed stock
were spread over a sterilized commercial potting soil in 1/2
gallon containers and were covered with /72 inch of
vermiculite. Containers were bottom watered throughout to
maintain uniformly high soil moisture. Plants were harvested
after growth had occurred which was sufficient for precise

identification.

Physlcal parameters of the slte were measured In areas 10 m

from transect locations to avoid problems associated with
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matting of vegetatlon. Temperature, relative humldlity and
l1ght gradients were determined for each sites in areas of

densest Phraamites growth.

Initially an Impounded site was selected which Insured water
availability irregpective of seasonal precipitation. This
site was located at the Grove Neck Wildlife Management Area
In Cecil County, Maryland and was scheduled for Phraamites
treatment. Ground tr&thing identified the presence of 2
plant species which are currently species of concern in the
state, American Lotus and Sagjttaria calvcina. The presence
of these species precluded Phraamltes spraying at the site.
The alternative non-tidal sites used in these studies were
fed by 3 intermittent sources and typically have standing
water on site. Unfortunately the record droughts resulted
in zero on site water avallability which eliminated the
possibility of water column residue testing.

Soil molsture data is not presented because of the record

drought recorded for the 1988 growing season.
RESULTS

Survey pre-treatment and post treatment use of Phraumiles by

mammals and terrestrial invertebrates.
Mammals

Phracmites stands at the wetland sites are frequented by
whltetall deer, raccoon and muskrats. Tralls through the

stands are abundant and well used by these species. With the
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exceptlon of muskrat no evidence of feeding activity was
observed, thus the primary functlon appears to be one of
cover. The upland slte was also used by these specles to a
lesser degree. Scme lack of use may be attributed to the
moderately heavy presence of people and machinery al the

upland site.
Blrds

No nests were observed In areas of dense Eb[ggmltes.-ﬁird
use was minimal and was primarily restricted to short term
resting by perching birds flushed from surrounding cover.
Species dbserved were red-winged blackbirds, grackles,

sparrows and finches.
Reptiles and Amphlibians

Evidence for Phragmites use by reptiles and amphibians wac
minimal. The few sighting were of short duration which

precluded accurate identification.
Insects and Spiders

Insects and spliders were the predominant forms associated
with above ground biomass. Most were found in the
inflorescences at the top of the plant canopy or the surface
cf soll leaf litter. Areas of dense stem growth supported
relatively few specles. This may be attributed to problems

for the study of access and sampling in this type of cover.
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Mcnltor pre- and post treatment changes In the denslty of

plants and macrolnvertebrate terrestrial Invertebrates.

Total number of individual plants, pre-~ and post-treatment
for all belt transects at each wetland study site is given
for plants In Filgures 3-5 and for scll macrolinvertebrates in
Figures 6-8. Representativg examples of species inventoried
for quadrats having high, moderate and low initial diversity
are given in Figures 9-20. For the transects in this study

these data Indicate:

1. Average pre-treatment density of Phragmnites was slightly
lower In the W slte (11.3 individuals/quadrat? than in the V

site (15.1 indlviduals/quadrat)y.

2. No significant change in the number of plant species or
macroinvertebrate taxa was observed between between the 8

and 12 month post-treatment inventories.

A summary of changes In vegetation I year after treatment is

given in Table 1.

1. Phragmites was reduced by 83.5% at the unburned W site

and by 64.5% at the burned V site.

2. Plant speclies other than Phraamltes Increased by 404% at

the W site and by 546% at the V site.

3. Total number of all individuals decreased by 16% at the W

site but increased by 142% at the V site.
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Determination of Simpson’s Index of Dlversity (Table 2)

showed:

1. A slaniflcant lncrease In plant specles dlversity at both

the W and V sites at 8 and 12 months post-treatment;

2. Recruitment of vegetation following herbicide application

was enhanced by burning.

3. Nelther the appllication of Rodeo nor burning had a
significant effect on the numbers and diversity of soil

macroinvertebrates.
Determine the availability of seed stock in site sediments.

1. Seed stock were not representative of the types of
vegetation present at the site prior to the wetland
disturbance associated with the establishment of the dredge

spoil.

2. 0f the 12 specles represented by seed stock in the
pre—-treatment soil collections from the W site, only 5 were
inventoried on the pre-treatment W site. Of the 13 species
represented by seed stock in the pre-treatment soil
collections_from the V site, only 7 were inventoried on the

pre—-treatment V site.

3. Of the 12 spécles represented by seed stock in the
pre-treatment soil collections from the W site, only 7 were
inventorled on the post-treatment W site. Of the 13 species

represented by seed stock In the pre-treatment s0il
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collections from the V slte, only 10 were Inventorled on the
post-treatment

V slte.

Evaluate changes in the physical environment assoclated with

the treatment program.

Changes in temperature, relative humidity, and light
transmission at pre-treatment and 1 year post-treatment for
both sites are given in Table 3. Not surprisingly,
Phraaomites shades the soil and decreases temperature and
l1ight transmlsslion while Increasing relative humidity of the
ambient air. When compared with the unburned control only
light transmission was shown to be significantly affected at
the V site. Improved light penetration caused by burning is

a major factor for the enhanced recruitment at this site.
PROJECT SUMMARY

Determine ecologlical uses of monotyplc Phraamites stands.

Phracgmites at the Stemmers Run test sites serves as cover
and resting areas for a variety of animals. This function
can be maintained at the sites by recrulting vegetation
which will ultimately reach comparable heights and densities
During the transition phase, however, the availability of
cover was diminlished, especially at the V site where burning
was added as a component of control. At this location other

forms of cover are abundant and this temporary loss is not

" seen as damaging.



15

Measure effectliveness of recommended control measures and
thelr eccologlcal Impacts under conditlons typical to

Maryland.

The objectlve of a Phragmltes control program is twofold;
to eradicate the Phraamites and to optimize recrultment of
other plant species. This combination is desirable to
minimlze any loss of environmental function attributed to
Phraomites prld} to treatment., Treatment effliciency must

thus be evaluated in l1ight of these two goals.

At the burn site (V), there was reduced control efficiency,
64.5% vs. 83.5%, but greater diversity, Simpson’s Index,
4,54 vs. 3.48. The decrease in control may be attributecd to
the same factor responsible for the increase in diverslty.
The reductlion In standing crop, which favors recrultment of
non—térget specles also favors seedling recruitment of
Phragmjites. The potential for site recruitment by
Phraamites seedlings was shown to be high in the analysis of
sediment seed stock. Interestingly, total vegetative denslity
at the burned site increased by 142% and decreased by 16% at
the unburned control. This suggests that despite reduced
control efficlency, burning may have considerable value for
maintalning ecological function during the critical
transition period from Phraagmites to other types of

vegetatlion.

A more complete determination of how these two seemingly

contradictory findings can be used in evaluating treatment
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protocols wlll requlre careful site evaluatlon, asg planned,

over the next two vears.

Identify the factors Influencing the recrultment In treated

areas by specles other than Phragmltes.

The two principle physical factors limiting plant
recruitment in dense stands of Phraomjtes are the
availability of unoccupied soil and light. 1In the densest
stands measured, the total number Phragmites stems averaged
160/m2, of which only 30 were living. Such densities
severely limit soil space suitable for supporting
colonization by other plants. Also, in stands of such
denslity, light transmisslion to the soil level may be limited
by up to 82%. Site burning, which has been shown to enhance
recrultment diVersity, improves the availability oﬁ both of
these limiting factors and provides a partial explanation
for the increased diversity found at the V site (Cerazzi,
1986; Shay and Shay, 1986; Best et al., 1982; Shay and

Thompson, 1981).

Develop a predictive indicator for rates of vegetative

recrdltment following herbiclde applications.

Pre-treatment plant Inventorles and analysis of
pre-treatment scll sediments for seed stock were tested to
develop a predictive model for plant recruitment at the
treatment sites. Pre-treatment plant lnventories were 69%

(W site) and 64% (V site) effective as predictive
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Indicators, whlle seed stock analyslse was 58% and 77%
effective respectively. Thus, both methods are useful as
predictive Indlcatore for evaluatlng recrultment potential
In the development of a management strategy for a glven
property. Plant inventories are less costly and require
less time, but are limited to the growing season. Soil seed
stock analysis would be Jjustifled when time constraints

preclude site evaluatlon during the growing season.

Provide recommendations for site evaluation in the
establ ishment of Phraamltes control programs in molst

uplands and non-tidal wetlands.
RECOMMENDATIONS
Treatment Protocols

Regulations governing application rates, uses and
restrictions for herblcides are a part of the label
instructions provided by the manufacturer. Adherence to
these label instructions is required by law; however, some
flexability exists concerning application times, procedures

and anclllary treatments.

The protocol used for this study and described in the
methods provides good control of Phragmites for larger
acreages where aerial application is an option. The key
components of thls protocol are the accurate appllcation of
the herblclde and surfactant at the approved rates, the

timing of application to obtain some degree of selectivity,
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the removal of the standing crop by burning and the serles
of follow-up treatments. In other environments, modi{flcatlon

of one or more of these components may be necessary.

Accurate appllicatlon of Rodec is made difflcult by the
plants’ helaht and the hydrl¢ nature of the solls where it
is commonly found. Rerlal application, which circumvents

these problems, is a convenient method for treating large

populations of Phragmites. Ground applicators amenable to

large spray operations requiring high spray booms on wet
soils are avallable and have been successfully used on
sugarcane plantations; however, these are not readily
available in Maryland. Further this type of equipment would
be extremely difficult to transport between sites on
properties interrupted by streams. An option which should be
evaluated for upland sltes is the use of conventional ground
applicators having adjustable bocm heights. These may prove
useful for treating road borders or the berms on
impoundments constructed for waterfowl when aerial

application is precluded because of drift hazzards or

problems of access.

For smaller populations or where drift is unacceptable,
hand-held applicators may be preferable. Small dense
colonies can be successfully treated with backpack spray
applicators. The limitation to this technique is the
applicator’s ability to direct spray to the interior

foliage. Two options which overcome this problem are to cut
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the Phraamites durlng mid summer to sufficlently reduce
plant helght for an effectlve fall application or extend the
treatment over a number of years, treatling only the
peripheral plants in a particular season. The former method
seems preferable but has not been fully tested. A second
type of appllicator which works well when Phraamites has an
abundant understory of desirable species is a contact
applicator. These applicators have a reservior for hoiding
the herbiclde solution which Is connected to a wick system.
The chemlical Is lliterally wiped on the target plants; thus
there is no danger of contact with plants being recruited to
the site. This method of application, because of its

simpliclty ls well sulted to the homeowner interested in

treating Phraagmites.

Time of application iIs used to impart selectivity in
Phraamites control programs and to optimize translocation of
the active ingredient to the rhizomes. The active ingrediant
of Rodeco, glyphosate, is toxic to most plant species;
however, for the chemical to be effectlve [t must be
absorbed through the foliage and then translocgted to other
tissues of the target plant. One of the reasons a fall
application is encouraged, is that unlike many other types
of vegetation, Phracgmiteg remains active longer. As a
result, it remains susceptable to the compound when other
plants, by entering dormaqcy, are not. This minimizes the
dangers of drlft and avoids killlng more deslirable specles,

In some appllcatlions, where accurate dellvery |s ensured,
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Rodeo could be applled safely at any polnt durlng the
growing season. An example of such an application would he

spot treatments using hand-held contact applicators.

The removal of the standing crop of Phragmites in dense
colonies ls advisable for rapld recruitment of desirable
plant specles ( see Table 1 and results). Removal exposes
seeds to sunlight and provides a competitive growth
environment. For dense stands, burning is the prefarred
method because erect stems and the thick layer of Phradgmites
thatch that accumulates above the soil surface are removed,
(Van der Toorn and Mook, 1982). Under these condition,
mowing Qithout biomass removal would provide a soil mulch
which would interfer wlth recrulitment by other plants
(Vestergaard, 1985; McManus and Alizal, 1983; Mook and Van
der Toorn, 1982; Polunin, 1982). In less dense stands where
thatch accumulation is not a problem mowing or hand

harvesting iIs effective.

Irregardless of the primary treatment used for the control
of Phragmites, some measures must be taken to insure
complete eradication and prevent Phraogmites recruitment.
Spot treaments of individual plants or clusters not killed
In the Initial control program Is sufficlient to remove
remnant populations which persist along the borders of the
treatment site. At these locations, herbicide application

is often less effective because of interference by woody
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plant canoples (where they occur) or because the plants

reside Jjust outslide of the original treatment area.

Preventlng new recrultment 1s more dlfflcult. Phracmites
seed stock In the soil may be plentiful. Seeds may also be
introduced by wind and animal vectors. In this study, it was
shown that these seeds will grow if exposed to a nonlimiting
environmenf (see results). The beét methéd for discouraging
this type of recruitment [Is to rapidly establish other forms
of vegetation which serve to outcompete seedling growth. In
some areas, natural seed reserves of desirable species may
be adequate for thls purpose. When this s not the case,
effort should be made to vegeta;e exposed soils. This
recommendation extends to marsh manipulations in areas where
Phracamites is not an |Immediate problem but where recrultment
potential Is high. For example, durlng ditch and berm
construction in moist soils stabilization with desirable
vegetation should be a routine activity. This not only
serves to minimize recuitment but also curbs ercosion. In
some applications temporary cover with annuals has been used
to minimize Phragmites recruitment until more permanant

stabillzation plans can be implemented.
Management Policy
General

The oblJectives of this partlicular study were to measure the

effectiveness of recommended Phraamltes control procedures
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and to evaluate the effects of these procedures on ecosSystem
composlition. The establishment of a management policy for
Phraamites requires additlional factors to be considered.
Most Important ls the public‘s perception of the'plant and
ownership as it affects implementation of control
strategles., The perceptlion of the plant by the the general
public is favorable. Phragmites has a number of ornamental
features which, with its size, makes it one of the more
recognizable wetland species. Given the attention currently
placed on the preservation of wetlands vegetation, the
pclicy must be thorough, antlclpatling concerns to be raised

over Phraamijtes control.

Four situations are common in the state which impact
Phraagmites control. In most instances Phraamites will have a

minimal understory of mixed vegetation. These are:
1. small colonies occurring on a single property.
2. populations existing on multiple properties.

3. populations exlilsting in areas, often urban, where

preferred control methodologies are difficult to implement.
4, large populations occurring on a single property.

Following are recommendations for Phragmites control and/or
descriptions of issues which must be reconciled in the

Phracgmites control policy for each of these situations.

1. Small colonies occuring on a single property.
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Small colonies of Phraamites occurring on a single property
may be controlied In a number of ways depending upon the
glze and density of the pcopulatlon. At dencitles of less
than 10-15 stems/m2, where understory vegetation is present,
satifactory control can be achieved through repeated pruning
of the standing crop. Over time, this effeclively slarveg
the overwintering rhizome. The avallability of sunlight to
understory plants encourages thelr growth and thus there is

ne loss of environmental function.

At higher plant densities, but where some understory
vegetation is present, chemical treatment coupled with a
reduction in standing crop is needed. Rodeo can be applied
as a spray wlth hand-held equlpment or wlped dlrectly on the
plant with a contact applicator. Either of these methods
protects understory vegetation for herbicide contact.
Appllication rates should be those recommended by the
manufacturer. Standing crop can be removed by burning or
cutting depending on local fire regulations. Again, under
these conditions, control of Phragmites will stimulate

growth of understory vergetation.

The most difficult situation involving small populations on
a slingle property is when the stand density is such that
understory vegetation is lacking. This is a common occurence
on waterfront propertieé where Phragmjtes serves to
stabilize shoreline but restricts waterview. Control may be

obtalned by any of the described treatments; however,
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control will result In lncreased erosion |f the protective
function is not replaced. In brackish environments
replacement with Spartina patens and S. alterniflora will

negate thls Impact.
2. Populations existing on multiple properties.

Populations of Phragmites extending over several properties
are common In urban areas. The colonies may be as large as
10-30 acres or quite small, less than 1/4 acre. Under these
conditions effective control is difficult and a sensitive
Issue unless agreeﬁehts can be reached between property
owners, The fundamental problems are the Invaslve nature of

Phracgmites, the perception of Phraagmites as a valuable

wetland plant and objections raised over control procedures.

Since the plant is an invasive species control of only a
portion of the population will result in rapid regrowlh in
the treated slte. Without a cooperatlve agreement over
control issues, partial treatment is inadvisable. Cases of
this type are currently being examined in the judicial

system.

3. Populatlons exlisting in areas, often urban, where

preferred control methodologies are difficult to implement.

Phraamites may occur in environments where the
implementation of preferred control mthodologies are
precluded by topography, land use, or ‘lack of cooperative

agreements between landowners. An outstanding example of
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this situation is found along the Route S0 corridor, near
Kent Narrows, In Queen Annes County. At this locatlon the
Phraamlites is relathely extensive. It 1s distributed over a
numpber of properties In tidal, non-tldal and upland
enVironments. In this example, a control protocol needs to
be inclusive but could be tallored to the individual
properties and habitats. Such control would be expensive,
requiring different methods of herbiclide application and
removal of standing crop. In additon, because of the natural
richness and diversity of the area, mitigation measures to
replace losses in ecological function would be desirable.
This will be the most difficult situation to define in the
management policy. A mechanism for flexible site by site
analysis will be required to tallor control to the
restrictions and management objectives of the particular

locatlion.
State Lands

The control of large populations of Phraamjtes on state
properties or private farms is an expensive, multiple vear,
labor intensive endeavor. These populations are commonly
found along stream borders, in semi-isolated nontidal
wetlands or as individual colonies existing in natural
marshes. Where size warrants, control can be successful if
the treatmentiprotocols used in this study afe followed (see
methods). However, the abllity to control Phragmltes on

these propertles Is only one of several factors which must
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be congidered In establlishling & management plan,  Such a
plan is advisable given the magnitude and importance of
these areas. The followlng is a sequentlal checklist of the
parameters whlich should be considered by land use planners
in evaluating sites for a Phragmites control program. A
brief ratlionale is glven to lllustrate the lmportance of

each parameter.
1. Identify the management objectives for the site.

Identificatlon of management coblJectlves are central to the
success of any program concerned with habitat manipulation.
This is especially true fof the establishment of a

Phraamites control program because the plant has value for

wildlife cover, solil stabilization and water treatment.

For example, populations of Phragmites growing within a
dredge spoil lmpoundment were targeted for treatment in a
1987 control program. In this environment Phraamites is
beneficial, serving as both a nutrient sink and a mechanical

filter. Its destruction would have resulted in a loss of

treatment efficiency, since it is unlikely that other forms
of vegetation would be recruited in the area until water
levels were stabllized. Clearly, In this lnstance, contrcl
would have been inconsistent with immediate management

objectives.

2. Determine whether site characteristics and adjacent land

use are compatlble with meetling management objectlves.



27

Conversion of areas of mixed wetlands to monotypic
Phraamltes stands ls often concomitant with changes In
adJacent land use. These changes may preclude a return of
the site to a fully functioning wetland serving as high
quality habitat., Control of Phragmites for the purpose of
restoring habitat value should be carefully evaluated to

aveld superficlally attractive mitigation proposals.

3. Evaluate the site for recrultment potentlial by Phraomites

following treatment.

In many areas Phragmites is found along shorelines where it
serves as a soil stablilizer. Permits to remove Phragmites
for reasons of aesthetics or because of the need to modify
the shoreline in construction require some type of
mitigation, often in the form of a replacement planting with
more desirable wetland vegetation. Unless some management
plan ls directed toward the prevention of the vegetalive
spread of Phragmites from adjacent properties, these

mitigation efforts will not be successful.

4., Evaluate the site to determine if Phraagmites control by
itself is adequate to achieve the desired management

objectives.

Phragmites invasion is often associated with wetland
modification. These actlivities may change drainage patterns
and drastically alter soll hydrology. The return of such an

area to a mixed wetland wlll requlre more than the removal
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of Phraemltes. It wlll reaulre restoratlion of soll
hydrology to levels compatible with a diverse wetland
community. Restoration may require reconstruction of
historlc dralnage patterns, land excavation and/or
installation of some form of water control structure. These
activitles compound the difflculty of project planning
because of the need for extensive departmental reviews and

approvals.

S. Determine whether site characteristics and adjacent land

use are compatible with the treatment protocols necessary to

effectively control Phraamites.

Currént treatment protocols for Phragmites strongly
recommend the inclusion of some measure to reduce standjng
biomass following herbicide application. The methods most
commonly suggested are mowing or burning. In many areas
mowing is difficult because of soll characteristics and
burning is objectlionable because of interferences with human
activity or for reasons of safety. State foresters are an
excel lent resource in evaluating sites for Lhe applicabilily

of these methods at a given site.

6. Conduct an on site evaluation of resident blota and

existing ecological function.

In Marvland, Phraanltes 1s most often found mixed with other
wetland plant species. In 1987, ground truthing of

potential treatment sites has prevented herbicide
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application to at least 2 regionally threatened (B1 on the
Maryland State Hertlage Program list) specles, Nelumbo
lutea, Amerlcan Lotus and Saglttarla galvelina, Deep Water

Duck Potato, at one location. (See Appendix I)

7. Identify all permits and reviews which must be obtalned

for treatment of the site.

Federal, state and local departments involved with
regulatlng areas capable of supportlng Phraamnites are
numerous and diverse. At the time thls project was
initiated, there was a general lack of information exchange
between departments concerning the types of approval necded
to enact a Phraamites control program on a gliven property.
Although thlis problem has been greatly alleviated, an
interagency orientation/information exchange meeting is

encouraged.

B. Establish a sequence of activities needed to meect project

objectives.

The control of Phraanltes i1s a multiple year effort which
may be only one component of a total site development plan.
Implementation of the plan requires coordination among
diverse activities. Further, the preferred sequence of
these activities will influence the effectiveness of control
and thé avoidance of the reinvasion of Phragmites following

treatment. Interruptlions or {nappropriate sequencing in the
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process wlill result In a slgnlficant loss of both control

and investment.

9. Establish a time line for all activitles necessary for

slte development.

In manipulat!ing blotlc systems, seascnallty ls the drlving
force dictating activities. Reconciling biological
requirements with the multitude of potential implementation

inputs associated with habltat modification demands precise

planning.

10. Secure all funding, permits and cooperative agreements

necessary for project implementation.

Long term uninterrupted commitment |s required for projects
involving Phragmites control. Securing funding, permits and
cooperative agreements is a safeguard against diversions

from management and control strategies.




TABLE 1: Summary of changes in vegetation 1 year after
treatment with Rodeo at the burned and unburned non-tidal
study site. Percent change is calculated from pretreatment
samples, a (-) lndicates a decrease in the total numbers of
individuals for the posttreatment survey.

Individuals Sampled

_ 1 Month Pretreatment 12 Months Posttreatment Relatlve % Change

Burned Unburned Burned  Unburned - Bucned  Unbucued
Phragmites 878 691 312 114 -65 -84
Other specles 231 145 1262 586 +546 1404
Total . 1109 836 1574 700 +142 -16



TABLE 2: Slmpson<g Index of Dlverslty for plant specles and =oll
macrolnvertebrate taxa Inventorled at Pharamites test sites located at The
Stemmers Run W!ldllfe Management Area, Cecll County, Maryland. Treatment
consisted of a single aerlal appllication of 4 pints per acre Rodeo on 15
Oct. 1987. The "V" non-tidal wetland was burned 4 months after treatment.

Plant Species Pre-treatment 8 Months 12 Months
10 Oct. 1987 Post Treatment Post Treatment
"W" Non-tidal Wetland 1.43 3.48 3.48
"V'" Non-tidal Wetland 1.57 4,54 4.54
Upland 4.06 N.A. N.A.
Scll Macrolnvertebrate Pre-treatment 8 Months 172 Months
Taxa 10 Oct. 1987 Post Treatment Post Treatment
"W" Non-tidal Wetland 1.82 1.99 2.01
*Y*" Non-tidal Wetland 1.37 1.72 _ 1.75
Upland 1.84 N.A. N.A.



TABLE 3: Percent change in temperature,

and llght transmissi
obtained 2 M above (

on at the soil level
approx. height of pre

canopy?. Percent change is calculated fr

sample values, a (-)

indicates a decrease

Percent Change

Pretreatment Posttréatment

Temperature -1
% Relative Humidity

% Light Transmission

Burned
2.0 + 3.0 0 £ 0.1
+50 + 9.0 +1 + 0.4
-82 + 3.0 0 +£0.3

relative humidlty
from values
treatment plant
om pretreatment

in the parameters.

Posttreatment
Unburned

0.6

o
{4+

-50 + 0.3



Appendix I

Herltage Status - The Maryland State herltage program (MSHP>
ranks specles according to the followlng list (abbreviated
for use In thils report):

A3 = Rare throughout range (close to extinction)

Bl = Threatened regionally and critically state rare
(in danger of extinction In Maryland>

B2 = Critically state rare (in danger ©of extlinction

in Maryland>

B3 = State rare (in danger of extinction in
Maryland)

C = Uncommon, local, or seriously declining in MD
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Figure 3

Summary of piant speciss nventorfed at the
unburned ("W*) non-tidal wetland test s!se

loocated at the Stemmers Run Wildilfe Management
Area, Cecll County, Maryland. Herblolde trestment
consisted of a single serfal applioation of 4 pint

1 sore. Rodeo on 10-16-1987. Species were re-
Inventoried 8 and 12 monthe post treatment.
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Figure 4

m.!..:-ﬂ of plant spedes \nventoried at the
burned ("UF) non-tida! wetland. For additional
detall see Legend Figure .
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Figure 5

of plant species hventoried at the

Summal
upland (‘B°) sita For additional detall see .
Bacirores | B site
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Figure 6

Summary of 80!l maoroinvertebrate taxa inventoried

at the unburned ("W*) non-tida) wetland For add!tional

detall see Legend Flgure 3.

Arachnida (Mites)
Collembola
Hymenoplera (Ants)
Coleoptera
Thysanoptera
Diptera

Arschnida (Spiders)
Hemiptera

Annelida

Chllopoda
{Pseudoscorpions)
Hymenoptera (Wasps)
Diplopoda

Diplura

Thysanura

lsopoda
Lepidoptera
Peocoptera

Protura

Tardigrada

W site

10

100

1000

10000

TN o-87

EZJe-88 HEHiloe-ss




Figure 7

Summary of sol! maorvinvertebrate taxa Inventoried
at the burnad (V") non-tida! watland. For additional
detall see Legend Figure &
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Figure 8

Summary of 0l maorolnvertebrate taxe inventoried
at the upland ("8°) site. For additional detall

haes B site
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Figure 9

Plant species Inventoried from quadrat W3O whioch
had the greatest initiat plant diversity at the

_ unburned ("W") non-tidal wetiand slte. << mm.ﬂm
Quadrat W30
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Figure 10

Plant species Inventoried from quadrat W3N whioh
had moderate initinl plant diversity at the

unburned ("W°) non-tids! wetiand sits. << mm .Hm
. Quadrat W3N
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Figure 11

Plant species Inventoried from quadrat W1D whioh
had the least hnitial plant diversity at the

unburned ("W") non-tids! wetiand site. | <,\ mm .ﬁm
Quadrat W1D
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Figure 12

Plant ecie rsctoried from auadat Y8A whion .
burned {"V*) non-tida! wetiand site. < m— .Hm |
Quadrat V8A

0 10 100 1000
[ L1
Acer rubrum -P TR

IXTITYTIY T

Erecht. hisraciiolia -

Liquidam. straclfiua e r AR AARRREL

Lirtodendron 773

Nyesa aylvatica nﬁ
Parthenoclesus

Phragmites 2 s o trtrtr

TITTITCYYY

WA

Phytolacca americana ooz oao

JNBSERNANERNREI ) 8

Prunus serotina
Rhus radicans
Rubue ep.

Smilax rotundifolia
Solidago ep.

N 10-6-87 £Jo-16-88 [ 10-16-88

)



Figure 13

Plant species Inventoried from quadrat VOC whioh .
burned (V") 87:&.“_.5._.& olte. < m _ .Hm
Quadrat V8C
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Figure 14
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Figure 15

Soll maoroinvertebrate taxa nventoried from
quadrat W30 whioh had the greatest Initial

u.z.._n.h,‘.q.w the unburned ("W") non-tidat << m-.ﬁm
Quadrat W30
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Figure 16

Soll maoroinvertebrate taxa Inventoried from
quadrat W3N whioh had moderate initlal
diversity at the unburned ("W") non-tida!
wetiand site.
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Figure 17

8oll maoroinvertebrate taxa inventoried from

quadrat WiD which had the least inltial [
diversity at the unburned {("W*) non-tidal

wetiand gite. .

Quadrat W1D

0 10 100 1000

Arachnida (Mites) -Frerrermrrer P trt i zrz

Coltembola —T223
Hymenoptera (Ants)

Coleoptera -

Thysanoptera

Diptera

Arachnida (Splders)

Hemiptera

Annelida

Chilopodsa =

(Pesoudoscorplons)

Hymenoptera (Wasps)

Diplopoda

Diplura

Thysanura

lsopoda

Lepldoptera

Psocoptera

Protura

Tardigrada

i

U S
v

| O T S T T o |

Il o-87 E=Je-8s Hiflo-ss



Figure 18

Soll maoroinvertebrate taxa inventoried from
quadrat VBA whioh had the greatest hitlal . )
diversity at the buned (*V*) non-tida! m— .Hm

Quadrat V8A
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Figure 19.

8oll maoroinvertebrate taxa inventoried from

quadrat VBC whioh had moderate Initial u
diversity at the bumed ("V°) non-tidal

wetland gite. ’
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Figure 20

80ll maoroinvertebrate taxa nventoried from
quadrat VBF whioch had the least nitial

uazm.-.h.‘._.,w the buned (V") non-tidal | < mm.ﬂm
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Figure 21

Sunmary of plant specles grown from seed

memnmiEE~ Seed Bank

0 10 100 1000

Phragmites
Boehmerla =
Rhus typina
Rhus copallina

Phytolaccs —peerrrrreatrereera o5
Polygonum It e R A AR yirs
Polygonum orlentale -
Erechtites ~[Z2dobroerora:
Dichanthellum [ — s
Setarla e
Rubue 8p —trrrm i
Lirlodendron .- i
Poa compressa — i S
Agrostis hyemalls P nﬂJ
Cyperus
Ludwigis palustris
Vitts sp
Echinochols cruegall
Digitaria
Chenopodium album

Bw Elv Hise



LITERATURE CITED

Anderson, Bert!in W. and Ohmart, Robert D., 1985. Habltat use
by Clapper Rails in the lower Colorado River valley. The
Condor, 87: 116-126.

Babaev, A., 1980. Use of remote-sensing methods for mapping
the zone of influence of the Kara-Kum Canal, USSR. Problems
of Desert Development, Allerton Press, New York, pp. 38-44

Barclay, &.M. and Crawford, R.M.M., 1982. Plant growth a:nd
survival under strict anaerobiosis. Journal of Experimental
Botany, 33(134): 541-549. 4

Best, Elly P.H., Z2ippin, M. and Dassen, J.H.A., 1981. Growth
and production of Phragmites australis in Lake Vechten (the
Netherlands). Hydrobiological Bulletin, Netherlands
Hydrobiological Saociety, 15(3): 165-174.

Best, Elly P.H., Zippin, M. and Dasscn, J.H.A., 19830
Studies on decomposition of Phraamites australijs leaves
under laboratory conditions. Hydrobliological Bulletin,
16¢1)>: 21-23.

Best, R.G., Wehde, M.E. and Linder, R.L., 1981. Spectral
reflectance of hydrophytes. Remote Sensing of Environment,
11: 27-35. '

Bibby, Colin J. and Lunn, J., 1982. Conservalion of recd
beds and their avifauna in England and Wales. Biological
Concervation, 23:167-186.

Bloomfield, J.R.G., 1975. The use of dalapon and gliyphosate
for the control of Phracgmites australis (Cav.) Trin. ex.
Steud, Iin established alfalfa. Joint Agricultural Research
and Development Project, University of North Wales, Bangor,
UK and Ministry of Agriculture and Water, Saudi Arabia.
Publication No. 56, 8pp. .

Bonham, A.J., 1983. The management of wave-spending
vegetation as bank protection against boat wash. Landscape
Planning, 10<(1>: 15-30.

Brix, Hans, 1987. Treatment of wastewater In the rhizosphere
of wetland plants ~ the root~zone method. Water Science
Technology, 19 ¢ 1-2): 107-118.

Brown, Melvin L. and Brown, Russell G., 1984. Herbaceous
Plants of Maryland. Port City Press, Baltimore, p. 180.

Buhler, D.D. and Burnside, 0.C., 1983. Effects of spray
components on glyphosate toxicity to annual grasses. Weed
Science, 31(1): 124-130.



Bureau of Sugar Experliment Statlons, 1979. 79th Annual

Report tao the Minlster for Primary Industrlies for the year
ended June 30, 1979. Bureau of Sugar Experiment Stationg,
99 Gregory Terace, Brisbane, Queensland, Australla, 68 pp.

Bucsbaum, H., Horowitz, M., Kleifeld, Y, Herzlinger, G. and
Bargutti, A., 1985. Experiments on the control of Phragmites
in drainage canals. Phytoparasitica, 13 (3-4): 24%9-250.

Ceruzzi, D.M., 1986. Analysis of decomposition of Phraamites
communis and Tvpha anaustlifolla in the Connecticut River
estuary. Abstract. The Bulletin, New Jersey Academy of
Science, 31(1):6.

Davis, Andrew N. and Briggs, Timothy L., 1986. Dispersion
pattern of aerial shoots of the common marsh reed Phraagmites
australis (Poaceae). Rhodora, 88(855): 325-330.

Dawson, F.H. and Hallows, H.B., 1983. Practlical applications
of a shading material for macrophyte control in
watercourses. Aquatic Botany, 17:301-308.

Dinka, Maria, 1986. The effect of mineral nutrient
enrichment of Lake Balaton on the common reed (Phragmites
australls). Folla Geobotanlca et Phytotaxonomica, 21(1):
65-84.

Eleuterlius, L.N., 1974, A study of plant establishment on
spoil areas in Mlssissippl Sound. U.S. Army Corps of
Engineers, Field Report DA (NO1-72-C-001).

Eleuterius, L.N. and Gitl, J.1., Jr., 1983. Long-terrm
observations on seagrass beds In salt marsh established from
transplants. Proceedings of the Bth Ann. Conf. Wetlands
Restoration and Creation. Hillsborough Commuity College,
Tampa, Fla.

Evans, D.M., 1987. Phragmites control with glyphosate
through selective equipment. Proceedings 6th EWRS
International Symposium on Aquatic Weeds, Brussels, Belgium,
pp. 209-211.

Fedtke, Car!, 1982. Biochemistry and Physiology of Herbicide
Action. Sprunger-Verlag, New York, 202 pp.

Fernald, Merritt Lyndon, 1970 corrected printing. Gray’s
Manual of Botany - Eighth Edition. D. Van Nostrand Company,
New York, p. 131-132.

Forney, D.R. and Davis, D.E., 1981. Effects of low
concentrations of herbicides on submersed aquatic plants.
Weed Sclence, 29¢(6>: 677-685.



Galinata, M.1. and van der Valk, A.G,, 1986, Beed
germination traits of annuals and emergents recruited during

drawdowns in the Delta Marsh, Manitoba, Canada. Aquatic
Botany, 26:89-102

Gallagher, John L. and Mills, Maureen J., 1986. Seasonal

changes in storage carbohvydrates in Phraagmites australis,
Abstract. American Journal of Botany , 73(5): 667.

Gersberg, R.M., Elkins, B.V., Lyon, S.R. and Goldman, C.R.,
1986. Role of agquatic plants in wastewater treatment by
artificial wetlands. Water Research, 20(3): 363-368.

Gleaéon, Henry A., 1952. The New Brltton and Brown
Illustrated Flora of the Northeastern United States and
Adjacent Canada, Volume 1. Hafner Press, New York, p. 134.

Gleason, Henry A. and Cronquist, Arthur, 1963. Manual of
Vascular Plants of Northeastern United States and Adjacent
Canada. D. Van Nostrand Company, New York, pp. 65-66.

Hansson, Lars-Anders and Granell, Wilhelm, 1984. Effects of
winter harvest on water and sediment chemistry in a stand of
reed (Phragmites australis)>. Hydrobiclogia, 112(2): 131-136.

Heckman, Charles W., 1986. The role of marsh plants in the
transport of nutrients as shown by a quantitative model for
the freshwater section of the Elbe esturay. Aquatic Botanvy,
25(2): 139-151.

Hodkinson, H.D., 1974. The use of a glyphosate salt for weed
control in amenity and non-crop areas. Proceedings of the
12th British Weed Control Conference, Brighton. pp.
1003-1013.

Izatt, L., 1979. Phragmites - a real reed problem. Cane
Growers’ Quarterly Bulletln, Queensland, Australla,
43(2):40-41.

Kamio, Akira, 1985. Studies of the drying of marshy and
heavy clay soil ground by means of vegetations - Changes in
soil water caused by evapotranspiration of Phragmites
communis. J. Yamagata Agric. For. Soc., 42: 53-60.

Kasasian, L., 1977. The chemlical control of miscellaneous
weeds at the Hofuf Agricultural Research Centre. Joint
Agricultural Research and Development Project, University
College of North Wales, Bangor, UK and Ministry of
Agriculture and Water, Saudi Arabla, Publication Number 104,
8pp.

Krucznski, W.L., 1983. Salt marshes of the Northeastern
Gulf of Mexico. In: Creation and Restoration of Coastal



Plant Communlties, R.R. Lewls I1II (Edlitor). CRC Press, Boca
Raton.

Linedale, A., 1978. Round up your reed problems. Cane
Growers” Quarfterly Bulletin, Nambour, Queensland 4580,
Australlia, 41<¢4>: 16-118.

McManus,J. and Alizai, S.A.K., 1983. Sediment-filled reed
stems as contributors to marsh sediment fabrics. Journal of
Sedimentary Petrology, 53(2):407-409.

Min, Byeong Mee and Kim, Joon Ho, 1983. Distribution and
cyclings of nutrients in Phragnites communis communities of
a coastal salt marsh. Korean Journal of Botany, 26(1):
17-32. .

Mock, J.H. and van der Toorn, J., 1982. The Influence of
environmental factors and management on stands of Phragmites
australis II. Effects on vleld and its relationships with
shoot density. Journal of Applied Ecology, 19(2>: 501-517.

Moreland, Donald E., St. John, Judith B. and Hess, F. D
(Editors), 1981. Biochemical Responses Induced by
Herbicides. American Chemical Society, Washington, D.C.,
274 pp.

[a1]

na,

Myartseva, S.N., 1982. New data on encyrtid wasps
(Hymenoptera, Encyrtidae) parasitizing scale insects
(Homoptera;, Coccoidea) of the common reed Phragmites
australis. Entomol Obozr (Entomol Rev), 61(1): 145-155.

Nir, A., 1976. Control of perennial weeds in drainage
ditches. Abstract, Phytoparasitica, 4(2): 157.

Nir, A. and Raz, A., 1985. New herbicides for control of
perennial weeds at roadsides and in drainage ditches.
Phytoparasitica, 13(3-4): 249.

0‘Sullivan, P.A., 0’Donovan, J.T. and Hamman, W.M., 1981.
Influence of nonionic surfactants, ammonium sulfate, water
gquality and spray volume on the phyto toxicity of
glyphosate. Canadian Journal of Plant Sclence, 61(2):
391-400.

Polunin, Nicholas V.C., 1982. Processes contributing to the

decay of reed (Phragmites australis? litter in fresh water.
Arch. Hydrobiocl., 94(2): 182-209. :

Prasad, R., 1984. Impact of glyphosate on macrophytes. Plant
Physioclogy, 795¢ Suppl. 1)>: 139.

Raven, P.J., 1986. Changes of in-channel vegetation
followling two-stage channel construction on a small rural
clay river. Journal of Applied Ecology, 23¢1): 33-345.



'

[

Rezk, Malak R. and Edany, Taha Y., 1978. Comparatlve
responses of two reed sp. to water table levels. Egypt. J.
Bot., 22(2>: 157-172,.

Riemer, Donald N., 1973. Effects of rate, spray volume, and

surfactant on the control! of phragmites with glyphosate.
Proceedings of the Annual Meeting of the Northeastern Weed
Science Society, 27:101-104.

Rlemer, Donald N., 1976. Long-term effects of glyphosate
applications to phragmites. Journal of Aquatic Plant
Management, 14(June’: 39-43.

Roman, Charles T. and Daiber, Franklin C., 1984. Aboveground
and belowground primary production dynamics of two Delaware
Bay tidal marshes. Bulletin of the Torrey Botanical Club,
111¢1): 34-41.

Sandberg, C.L., Megglitt, W.F. and Penner, D., 1978. Effect
of diluent volume and calcium on glyphocsate phyto toxicity.
Weed Sclence, 26(5): 476-479.

Sedon, J.C., 1981..The control of aguatic weeds with the
isopropylamine salt of N-phosphonomethyl glycine.
Proceedings of the Conference on Aguatic Weeds and Their
Control, Christ Church, Oxford, England, pp. 141-148.

Seneca, Ernest D., Broome, Stephen W. and Woodhouse, William
W., Jr., 1985. The influence of duration-of-inundation on
development of a man-initiated Spartlina alterniflora Lolsel.
marsh in North Carolina. Journal of Experimental Marine
Biology and Ecology, 94¢(1-3>: 259-268.

Shay, J.M. and Thompson, D.J., 1981. Effect of fire on
Phragmites australis dominated communities at Delta,
Manitoba. Abstract, Proceedings of the 1{3th Internatiocnal
Botanical Congress, Sydney, N.S.W., Australia, 13¢0>: 113

Shay, Jennifer M. and Shay, C. Thomas, 1986. Prairie marshes
in western Canada, with specific reference to the ecology of
five emergent macrophytes. Canadian Journal of Botany,
64(2): 443-454.

Smith, Loren M. and Kadlec, John A., 1983. Seed banks and
thelr role during drawdown of a North American marsh.
Journal of Applied Ecology, 20(2):673-684.

Stankovic, A., Arsenovic, M., DimitriJevic, M. and
Konstantinovic, B., 1982. A study of the possibility of the
ellmination of emerged vegetation In irrigation systems by
new herblcides. Proceedlngs EWRS 6th Symposium on Agualic
Weeds, pp. 185-192.



1

»

Stout, J.P., 1977. Evaluation of plants as medium for
dredged material dewatering. Report to U.S. Army Corps of
Engineers, Mobile District. Contract number DAC-WO1-76-070.

Szczepanska, Wanda and Szczpanski, A., 1982. Interactlions
between Phraapites auslralis (Cav.>?> Trin. ex Steud, andd
Tvepha latjifolia L. Ekologia Polska (Polish Journal of
Ecology), 30¢1-2): 165-186.

Ulrich, Karl E. and Burton, T.M., 1985. The effects of
nitrate, phosphate and potassium fertiljzation on growth and
nutrient uptake patterns of Phraamites australis (Cav.)>
Trin. ex Steudel. Aquatlic Botany, 21:53-62.

Woodhouse, W.W., Jr. and Knutson, P.L., 1982. Atlantic
Coastal marshes. In: R.R. Lewis 111 ( Editor),

Creation and Restoration of Coastal Plant Communities. CRC
Press, Boca Raton, Fla.

Van der Toorn, J. and Mook, J.H., 1982. The Influence of
environmental factors and management on stands of Phraauiles
australjs I. Effects of burning, frost and insect damage on
shoot density and shoot size. Journal of Applied Ecology,
19¢2): 477-500.

Vestergaard, P., 1985. Effects of mowing on the composition
of Baltic salt-meadow communities - preliminary results.
Vegetatio, 62(1-3): 383-390.

Vostokova, E.A. and Skatershchikov, S.V., 1980. Use of
satellite photos for determining the zone of influence of
the Kara-Kum Canal, USSR. Prablems of Desert Development,
No. 4, Allerton Press, New York, pp. 39-44.

Welsser, P.J. and Ward, C.J., 1982. Destruction of the

Phoenix-/Hibpiscus and Barringtonia racemosa Communities at
Richards Bay, Natal, South Africa, 14(1):123-125.

Weisser, P.J. and Parsons, R.J., 1981. Monltoring Phraamltes
australjis increases from 1937 to 1976 in Sivyai Lagoon
(Natal, South Africa) by means of photo interpretation.
Bothalia 13(3-4): 553-556.

White, David A., 1983. Plant communities of the lower Pearl
River basin, Louisiana. Am Midl Nat, 110(2): 381-396.

Yamasaki, Shiori, 1981. Effeclis of water level of Lhe
development of rhizomes of three hygrophytes. Jap. J. Ecol,
31:353-359.

Yamasaki, Shlori, 1981. Growth responses of Zizania
latifolja, Phraamites australls and Mlscanthus

anchariflorugs to varying inundation. Aquatlie Botany,
10:229-139.




f

t

Yamasaki, Shiori, 1984, Role of plant accalion In zonatlon

of 2lzanla latifolla and Phraamlites australls. Agquatlce
Botany, 18:287-297.






